Heavy metal pollutants generated by mining activities in the Jordanian desert c. 2000 years ago will have had detrimental effects on the health of slaves, guards and expert overseers. The pollutants continue to persist and cycle in the modern environment and affect plants, animals and inevitably the humans who are dependent on both. These findings have implications in terms of the public health of human populations living on or in the vicinity of ancient industrial sites around the Mediterranean and in the Middle East. Some effects of heavy metals on human health are examined; issues of bioaccumulation and partitioning are addressed.
Industrial centres, exploited by powerful ancient empires, are found around the Mediterranean and in the Middle East. In arid and semi-arid environments, pollutants that were emitted in ancient times are not dissipated to any great extent. These ancient sites therefore remain a source of pollution in the present day and present unique problems in terms of modern human health. Wadi Faynan in southern Jordan is the site of the notorious Roman copper mining and smelting centre of Phaino, to which the worst criminals in the empire were condemned. Chemical analysis of the skeletons of copper miners, probably slaves, indicates a significant heavy metal load with values of copper at c. 55 mg/kg and lead at c. 375 mg/kg; a response to massive environmental pollution and a probable multi-source input.
The area around Wadi Faynan, apparently a pristine and relatively untouched desert landscape, is in fact characterized by extensive deposits of ancient metalliferous metal processing by-products; a consequence of copper exploitation by regional and international powers including the Babylonian, Assyrian, Roman and Byzantine empires, and the Nabatean Kingdom (once based at nearby Petra). The processing sites range from metalliferous sands to mining spoil tips and slag heaps, which continue to dominate the landscape. These sites are rich in both copper and lead and it has been illustrated 1 that concentrations of copper and lead remain exceptionally high (copper 11 961 mg/kg and lead 15 204 mg/kg) despite some 2000 years of weathering by a diversity of agencies such as atmospheric, leaching, sheet and gully erosion. 2 The fate of eroded particulates is affected by factors including wind velocity and direction, precipitation (where appropriate), reactivity, height of discharge and incidence of inversion conditions, etc. Pollution potentials are high, although it can be argued that, at the time of the ancient mining activities, the inhabitants of the area (e.g. slaves, guards and administrators) would have been exposed to even more severe occupational and general pollution.
The research area lies in and adjacent to the Dana National Nature Reserve, which is managed by the Jordanian Royal Society for the Conservation of Nature; the region is of interest from both ecological and archaeological perspectives. The authors consider that, with its resident Bedouin population and long-term metalliferous history, the area also provides ideal opportunities to investigate some implications of ancient pollution on human populations who have inhabited the area for over two millennia.
It has been suggested 1,3 that early residents would have been exposed to severe pollution episodes, which would have had adverse effects on their health; individuals would have been recipients of copper and lead from the following sources: inhalation and ingestion of air-borne particulates, ingestion as a consequence of trophic-level accumulation of cations (from food) and the drinking of contaminated water. Similar accumulation mechanisms would persist today 4,5 although differences are apparent: slaves would be weaker than modern residents and hence prone to a diversity of problems such as bone damage and exhaustion; early pollution problems may also have been intensified by malnutrition or starvation as a result of poor local crop production on the polluted soils, 3 poor medical and diagnostic support, and the presence of additional pollutants such as sulphur dioxide produced as a consequence of smelting activities. Some of the effects of the main pollutants may be summarized as follows: copper is essential to life but toxic at high concentrations. Its effects include nausea, vomiting, diarrhoea, convulsions, coma and death, and the inhalation of the dusts of copper salts can lead to perforation of the nasal septum. 6 Pulmonary copper deposition can lead to the development of liver and lung tumours. 6 A further problem associated with enhanced copper pollution is Wilson's disease. 6 Approximately 30 g Pb is absorbed daily by humans in urban areas via the gastrointestinal tract and c. 20 g via the respiratory system; 7 deposition of lead occurs largely in the skeleton. Effects of lead pollution include loss of appetite, constipation, severe abdominal cramps, motor nerve paralysis, headaches, fatigue, anaemia and brain damage. It has been implicated 8 in decreasing red cell survival and inhibiting haem synthesis, carcinogenicity, 9 nucleic acid destabilization 10 and, in combination with copper, etc., Parkinson's disease. 11 Food sources in the area continue to be contaminated with heavy metals; this can be illustrated by reference to the examples shown in Table 1 . These plants are eaten by sheep and goats, and material thence may enter the human diet.
The values in goats illustrate both bioaccumulation and heavy metal partitioning; thus, molar Pb 163 mg/kg, Cu 21 mg/kg; lower mandible (symphysial end) Pb 405 mg/kg, Cu 39 mg/kg; lower mandible (articular/inner end) Pb 366 mg/kg, Cu 65 mg/kg. Bioaccumulation and partitioning are hence clearly evident and thus care must be taken in such research to ensure that material of a comparable nature only is used for analytical procedures.
The accumulated elements are available to humans through their diet. Typical concentrations of lead in human bones normally varies from 0.2 to 10 mg/kg, and up to 20 mg/kg in individuals exposed to occupational pollution. 12 These values are far lower than those we are finding in food animals such as the above-mentioned goats and in the bones of the ancient miners, and the values for the latter may be a response to massive environmental pollution and a probable multi-source input. This research indicates that pollution emitted in ancient times may persist in the environment for thousands of years and may continue to affect human health. These findings are of significance for health professionals working around the Mediterranean, in North Africa and in the Middle East.
